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Methods: A retrospective cohort case series. Nineteen patients with late onset corneal ectasia fol-
lowing LASIK procedure were examined at The Eye Center, Riyadh, Saudi Arabia. Patients under-
went LASIK for myopia with spherical equivalent ranging from 1.4 to 13.75 diopters. Age and
gender, history of systemic or local diseases, and time of onset of corneal ectasia were recorded. Eye
examination and corneal topographical analyses were done before and after LASIK surgery.
Results: Nineteen patients (29 eyes) with late onset corneal ectasia were identiﬁed from 1998 to
2008 in 13 male and six female patients. The mean follow-up period was 108 ± 23 months (range
72–144 months). No patient had pre-operative identiﬁable risk factors for corneal ectasia and the
mean time of onset was 57 ± 24 months (range 24–120 months after LASIK). The pre-operative
values included mean central pachymetry 553 ± 25 lm, mean keratometry reading of
42.9 ± 1.5 diopters, average oblique cylinder of 1.4 ± 1.2 diopters, posterior surface elevation of
26 ± 2.1 diopters, corneal ﬂap thickness of 160 lm, mean spherical equivalent of 5.6 ± 3.6 diop-
ters, and calculated residual corneal stromal bed thickness was 288 ± 35 lm. Three (5 eyes) patients
developed ectasia after pregnancy. Three (4 eyes) patients developed corneal ectasia following
severe adenoviral keratoconjunctivitis and had positive PCR for adenovirus type 8.
Conclusions: Corneal ectasia may develop many years after LASIK surgery and symptoms could
go undetected for some time. Pregnancy and adenoviral keratoconjunctivitis occurred post-opera-
tively in six patients.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.Center, 241 Makkah Road,
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lsevier1. Introduction
Corneal ectasia is the most feared complication following LA-
SIK (Tabbara and Kotb, 2006; Rad et al., 2004; Randleman
et al., 2008a,b; Dawson et al., 2008; PIccoli et al., 2003; Ou
et al., 2002; Pallikaris et al., 2001). It is characterized by pro-
gressive thinning with central and inferior steepening of the
cornea. The incidence of progressive corneal ectasia after LA-
SIK has been estimated to be 0.2% (Rad et al., 2004). Current
theories suggest that the two main causes of post-LASIK ecta-
sia are preexisting corneal pathology (keratoconus or forme
Table 2 Pre- and post-operative risk assessment factors.
Pre-operative Post-operative p-Value
Spherical equivalent (diopters)
Average 6.4 ± 3.3 1.1 ± 1 <0.001
Range 1.4 to 13.75 0.25 to 3.25
K-reading (diopters)
Average 42.9 ± 1.5 46 ± 5 0.012
Range 41–47 37–55
Central corneal thickness (lm)
Average 553 ± 25 402 ± 56 <0.001
Range 504–590 281–508
Oblique cylinder
Average 1.4 ± 1.2 3.8 ± 2.4 <0.001
Range 0.2–1.5 0.6–9.6
Diﬀerence between inferior and superior corneal diopter
Average 1 ± 0.02 1.1 ± 0.14 0.004
Range 0.9–1.1 0.8–1.5
Posterior BSF/anterior BSF
Average 1.0 ± 0.2 1.2 ± 0.3 <0.001
Range 1–1.24 1.2–1.4
Posterior surface elevation (lm)
Average 26 ± 2.1 74 ± 19 <0.001
Range 22–29 23–100
BSF = best sphere ﬁt.
226 A. Said et al.fruste keratoconus), mechanical instability produced by the
weakening of the residual corneal stromal bed induced by
the ﬂap creation, the effect of laser ablation, and probably
eye rubbing. Careful pre-operative assessment of the cornea
can greatly reduce the risk of ectasia, although it may occur
in previously healthy and unsuspected corneas. Risk factors
for corneal ectasia include a thin cornea at baseline, thick cor-
neal ﬂap, excessive ablation, irregular corneal thickness, di-
verse ablation rates, preexisting keratoconus or form fruste
keratoconus, and high intraocular pressure (IOP). In one study
abnormal topography was the most signiﬁcant factor that dis-
criminated cases from controls, followed by residual corneal
stromal bed thickness, age, and pre-operative corneal thickness
(Randleman et al., 2008a,b). Topographical analysis parame-
ters such as central keratometry, oblique cylinder, pachymetry,
inferior and superior corneal diopteric power, posterior sur-
face elevation, and the ratio of posterior to anterior best sphere
ﬁt were used as a single proprietary device for pre-operative
prediction of keratectasia (Tabbara and Kotb, 2006; Pallikaris
et al., 2001). Other scoring systems proposed addition of age
and degree of myopia (Randleman et al., 2008a,b; Dawson
et al., 2008; Piccoli et al., 2003; Ou et al., 2002; Pallikaris
et al., 2001). Patients presented in this case series however
had no recognizable pre-operative underlying corneal risk fac-
tors for post-LASIK ectasia.
The main purpose of this study is to report a case series of
late onset corneal ectasia following LASIK with otherwise no
pre-operative corneal risk factors.
2. Patients and methods
2.1. Patients
The medical records of patients with late onset post-LASIK
corneal ectasia were reviewed in patients that had the diagnosis
of corneal ectasia two years or more after LASIK procedure
for myopia ranging from 1.4 to 13.75 diopters. Pre-opera-
tive and post-operative topographical analysis was used to
assess the risk factors. Eye examination and corneal topo-
graphical analyses (ORBSCAN II) were done before and after
surgery. Table 1 shows the patients’ characteristics including
age, gender, and time of diagnosis of ectasia. Table 2 includesTable 1 Characteristics of patients with late onset corneal
ectasia after LASIK surgery.
Number of patients 19 (29 eyes)
Mean age (years) ± SD 35 ± 6 years
Age range 27–45 years
Mean follow-up period ± SD 108 ± 23 months
Gender
Male 13 patients
Female 6 patients
Mean onset of ectasia after LASIK
(months ± SD)
57 ± 24 months
Mean post-operative residual corneal
stromal bed thickness
288 ± 35 lm
Range of post-operative residual corneal
stromal bed thickness
260–365 lm
SD= standard deviation.pre-operative and post-operative risk factor assessments that
were evaluated. Parameters such as central keratometry, obli-
que cylinder, pachymetry, inferior and superior corneal diop-
teric value, posterior surface elevation, and the ratio of
posterior to anterior best sphere ﬁt were determined. Ectasia
grading system using the above parameters was used to assess
the cumulative risk factors pre-operatively, these were com-
pared to post-operative values, and the p -value was deter-
mined. Flap thickness and residual corneal stromal bed
thickness were assessed. None of the patients had enhance-
ment. Table 3 illustrates the detailed pre-operative assessment
of 19 patients (29 eyes) with post-LASIK corneal ectasia.
Three (5 eyes) female patients developed bilateral post-LASIK
corneal ectasia following pregnancy. Three (4 eyes) patients
developed ectasia after adenoviral keratoconjunctivitis.
2.2. Immunochromatography (IC) test
Using a sterile swab, conjunctival specimens were taken from
patients with keratoconjunctivitis. This was followed by a
short extraction step using a buffer solution. Using the speci-
men pipettes provided, four drops of the specimen solution
were placed into the specimen well of the kit. Time was allowed
for the specimen to ﬁlter through the kit to the specimen and
the control positions. Appearance of a colored line at each po-
sition was observed. The test was considered to be positive if
two lines were visible each at the specimen and control posi-
tions. The test was considered negative if line was visible only
at the control position. If no line was visible, the test was con-
sidered invalid and a repeat test was performed for that partic-
ular specimen. Readings were ﬁnalized not more than thirty
minutes from application of specimen to the kit. The IC test
(Adeno Test, SA Scientiﬁc, San Antonio, Texas, USA) was
performed according to the manufacturer’s instructions.
Table 3 Pre-operative assessments of 19 patients with post-LASIK late onset corneal ectasia.
Case
no.
Eye Age &
gender
Year of
Surgery
Pachymetry
(lm)
Keratometry Spherical
equivalent
(diopters)
I-S
index
Time of
onset of ectasia
following LASIK
(years)
Residual
corneal
stromal
bed (lm)
Oblique
cylinder
Postop
events
1 OD 28 M 2001 520 44.1 D 8.00 1.00 5 250 0.80 D None
OS 28 M 2001 520 42.1 D 9.00 1.00 5 260 0.80 D
2 OD 36 M 1999 540 46.31 D 7.25 1.05 5 215 0.60 D None
OS 36 M 1999 590 47.25 D 7.75 1.03 5 217 1.50 D
3 OD 45 M 1999 510 40.75 D 4.00 1.03 6 207 1.25 D None
OS 45 M 1999 520 42.00 D 4.25 0.99 6 224 1.50 D
4 OD 28 F 2000 560 43.64 D 6.75 0.99 2 263 1.30 D Pregnancy
OS 28 F 2000 580 43.28 D 7.25 0.99 2 256 1.11 D
5 OD 35 F 1997 556 43.14 D 12.75 0.99 5 235 0.49 D None
OS 35 F 1997 556 42.78 D 13.75 0.99 5 221 0.34 D
6 OD 42 M 1998 580 42.32 D 8.25 0.97 2 270 0.80 D None
OS 42 M 1998 580 42.24 D 10.75 1.00 2 238 0.21 D
7 OD 32 F 2002 560 42.38 D 8.50 0.97 5 310 0.78 D Pregnancy
OS 32 F 2002 560 42.5 D 9.00 0.98 5 312 0.90 D
8 OD 42 M 1997 550 41.64 D 6.75 1.04 5 281 1.50 D None
OS 42 M 1997 550 41.75 D 6.75 0.99 11 281 1.40 D
9 OD 27 M 1999 560 42.31 D 5.50 1.00 10 249 0.26 D None
OS 27 M 1999 560 41.99 D 5.00 1.00 10 261 0.72 D
10 OD 29 M 1999 590 42.4 D 1.50 1.04 6 367 1.28 D AKC
OS 29 M 1999 560 41.44 D 1.50 1.01 6 349 0.15 D AKC
11 OS 37 F 1999 560 44.87 D 2.50 1.02 3 311 1.52 D AKC
12 OD 33 M 1999 560 43.95 D 3.75 0.99 5 269 1.38 D None
13 OD 29 M 2000 590 43.42 D 4.50 0.98 3 300 1.45 D None
14 OD 27 M 2003 504 45.70 D 1.50 0.98 5 315 0.50 D AKC
15 OD 29 M 2003 569 42.64 D 12.00 1.01 4 256 0.20 D None
16 OS 44 M 2003 510 41.12 D 4.50 0.99 5 270 1.25 D None
17 OD 28 F 2002 560 41.61 D 3.00 1.02 6 318 0.71 D None
18 OS 37 F 2000 560 44.16 D 5.00 1.00 3 247 1.48 D Pregnancy
19 OD 38 M 2000 510 44.9 D 5.00 0.99 2 275 1.50 D None
AKC= adenoviral keratoconjunctivitis (Type 8).
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Conjunctival swabs were obtained from patients who devel-
oped keratoconjunctivitis. Viral DNA was extracted from
100 ll of the conjunctival specimen with a Sumitest EX-
R&D kit (Medical & Biological Laboratories Co., Ltd., Nag-
ano, Japan), according to the manufacturer’s instructions.
The extracted DNA was suspended in 100 ll of TE buffer
(10 mM Tris, 1 mM EDTA, pH 8.0), and subjected to PCR
as previously described (Saitoh-Inagawa et al., 1996).
2.4. Statistical analysis
All information about patients were collected and entered into
a computer-based standardized data entry form for statistical
analysis such as: age, gender, mean follow-up, mean onset of
ectasia, initial and follow-up visual acuity with p-value assessed
using multiple measures ANOVA. The assessment risk factor
score was evaluated statistically pre-operatively and post-oper-
atively using the following parameters: central keratometry,
oblique cylinder, spherical equivalence, central corneal thick-
ness, difference between inferior and superior corneal diopteric
value, posterior surface elevation, and the ratio of posterior to
anterior best sphere ﬁt. The p -value was assessed using thepaired t-test. All p-values were two-sided and the signiﬁcance
level was set at 0.05. Data analyses were performed using SPSS
for windows version 11.0 (SPSS, Inc, Chicago, Illinois, USA).
3. Results
Nineteen patients (29 eyes) with late onset corneal ectasia were
identiﬁed. There were 13 male patients and six female patients
with a mean age of 35 ± 6 years. No patient had identiﬁable
risk factor using the grading system pre-operatively (Figs. 1–
3). The mean follow-up period was 108 ± 23 months (range
72 to 144 months) with a mean time of diagnosis of corneal
ectasia of 57 ± 24 months (range 24–120 months). The corneal
ﬂap thickness was estimated to be 160 lm. Patients underwent
LASIK for myopia ranging from 1.4 to 13.75 diopters. Pa-
tients had a mean residual corneal thickness (mean 288 lm)
(Table 1). The pre-operative values for the assessment of
corneal risk are shown in Tables 2 and 3. The mean central
corneal thickness was 553 ± 25 lm, mean pre-operative kera-
tometry reading was 42.9 ± 1.5 diopters, average oblique
cylinder of 1.4 ± 1.2 diopters, posterior surface elevation of
26 ± 2.1 diopters, mean difference between inferior and
superior corneal diopters value was 1 ± 0.02, mean pre-oper-
ative spherical equivalent was 6.4 ± 3.3 diopters, and mean
Figure 1 ORBscan of the right and left eyes of a patient before LASIK. Patient had corneal refractive stability for ﬁve years after
LASIK.
Figure 2 ORBscan of the patient in Fig. 1 ﬁve years after LASIK. Patient developed corneal ectasia after delivery.
Figure 3 A 28-year-old male who had stable post-LASIK refraction and 20/20 visual acuity for eight years. Patient developed
progressive deterioration in vision following adenovirus type 8 infection and bilateral diffuse lamellar keratitis. The ORBscan shows
thinning of the cornea with steepening of the anterior surface and posterior surface elevation.
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1 ± 0.2 diopters. All p-values were signiﬁcant when compared
to post-operative values. Three (5 eyes) patients had corneal
ectasia after pregnancy. Three (4 eyes) had post-operative
adenoviral keratoconjunctivitis (with interface keratitis).
No patients exhibited abnormally high intraocular pressure.
No intraoperative or post-operative complications were
encountered.
Immunochromatography (IC) (Adeno Test) tests of con-
junctival scrapings were positive for adenovirus and PCR
showed all four specimens were adenovirus type 8. All four
patients had severe acute adenoviral keratocojunctivitis with
preauricular lymphadenopathy, lid swelling, membranous con-
junctivitis, follicular conjunctivitis, conjunctival hemorrhage,
and chemosis. Two patients had ecchymosis of the eyelids. Pa-
tients developed diffuse interface and superﬁcial stromal kera-
titis which was treated with topical ﬂuorometholone 0.1%
eyedrops four times daily which was tapered and discontinued.4. Discussion
Corneal ectasia is a rare but serious complication of refractive
surgery. It is progressive steepening and thinning of the cor-
nea. Many factors have been associated with an increased risk
for ectasia including pre-operative topographic abnormality,
low pachymetry, elevated posterior surface, low residual cor-
neal stromal bed thickness, young age, and high myopia (Tab-
bara and Kotb, 2006; Rad et al., 2004; Randleman et al.,
2008a,b). Corneal ﬂap creation by mechanical microkeratomes
and femtosecond lasers may lead to variable corneal ﬂap thick-
ness and this may inﬂuence the residual corneal stromal bed.
The development of corneal ectasia after surgery has grave
medical and legal consequences for the patient and the physi-
cian. Most cases reported in the literature have been associated
with certain risk factors. Certain individuals, however, may de-
velop post-operative corneal ectasia in the absence of known
risk factors (Tabbara and Kotb, 2006; Rad et al., 2004; Ran-
dleman et al., 2008a,b). The average time of onset of corneal
ectasia is 15.3 months (Randleman et al., 2008a,b). The inci-
dence of post-LASIK corneal ectasia has been reduced how-
ever by applying careful selection criteria (Randleman et al.,
2008a,b). The cases presented, herewith, had late onset post-
LASIK ectasia despite ‘‘normal’’ pre-op corneal topography,
calculated residual corneal stromal bed thickness of more than
250 lm, normal pachymetry, low myopia, and a mean age of
35 years. Post-operative factors may play a role in the patho-
genesis of post-LASIK corneal ectasia. Patients undergoing
LASIK should be aware of the fact that there may be a small
risk of late onset post-LASIK corneal ectasia several years fol-
lowing successful procedures.
Corneal ectasia may follow corneal refractive surgery be-
cause of corneal abnormalities or because of inducing mechan-
ical weakness of the collagen tensile strength. The reduction in
the physio-mechanical stability of the cornea appears to result
from the permanent weakening of the anterior corneal lamellae
and from the thinning of the residual corneal stromal bed
(Kerautret et al., 2008; Maguen et al., 2007; Condon et al.,
2007; Binder, 2007; Meghpara et al., 2008). The residual stro-
mal thickness following LASIK depends on the thickness of
the ﬂap and ablation depth. Flap thickness is not always
predictable which may lead to a stromal bed which is thinnerthan expected (Ou et al., 2002; Pallikaris et al., 2001). Success-
ful cases of LASIK are reported from short term follow-up
periods but the incidence of late onset corneal ectasia following
LASIK is not known. Histopathologic studies suggest that
intermellar and interﬁbrillar biomechanical slippage occurs
when the cornea becomes ectatic after LASIK or PRK in the
post-operative stress-bearing regions of the corneal stroma
(Dawson et al., 2008). This 2-phase chronic biomechanical fail-
ure process is similar to that seen in keratoconus. Composite
sciences classify this chronic biomechanical failure process as
interﬁber fracture (Dawson et al., 2008).
In this study, we report 19 patients with no pre-operative
corneal risk factors who developed late onset corneal ectasia
after LASIK. Nine eyes of six patients had late onset corneal
ectasia with other conditions. Three (5 eyes) patients developed
post-LASIK corneal ectasia following pregnancy and three (4
eyes) patients followed keratoconjunctivitis caused by adenovi-
rus type 8. This may be related to physiochemical modulation
of the collagen by hormones such as relaxin or by inﬂamma-
tory mediators.
The role of pregnancy in corneal ectasia may be incidental,
circumstantial, or causal. Relaxin hormone increases during
pregnancy. Relaxin has been shown to inhibit collagen remod-
eling of airway disease in mice (Royce et al., 2009). Relaxin
may affect the collagen integrity of ligaments and wound heal-
ing (Cooney et al., 2009) and can induce matrix degradation of
target synovial joints by matrix metalloproteinase (Kapila
et al., 2009). The increase in the level of relaxin hormone dur-
ing pregnancy may contribute to changes in the physiochemi-
cal properties of corneal collagen leading to ectasia (Royce
et al., 2009; Cooney et al., 2009; Kapila et al., 2009). Adenovi-
ral inﬂammation of the corneal interface may lead to upregu-
lation of inﬂammatory cytokines and metalloproteinases
leading to collagen loss and further weakening of the corneal
stroma.
With time, there is apoptosis of the corneal stromal kerato-
cytes which may contribute to a decrease in corneal collagen
synthesis and further weakening of the corneal stroma. Correc-
tion of the refractive errors by LASIK weakens the tensile
strength of the anterior stroma and depletes the posterior stro-
mal keratocyte (Randleman et al., 2008a,b). The corneal colla-
gen is a dynamic structure with constant remodeling. We tend
to diminish permanently the anterior structural integrity of the
cornea following LASIK. Delayed onset of corneal ectasia
with no risk factors was also reported by Tuli and Iyer
(2007). Twa et al (2004) deﬁned the characteristics of corneal
ectasia after LASIK for myopia. Furthermore, Rad and asso-
ciates (2004) reported progressive corneal ectasia after LASIK
and found out that ectasia may occur in healthy or diseased
eyes. The most important risk factors are residual corneal stro-
mal bed thickness and pre-existing corneal topography. Piccoli
et al (2003) reported a case of corneal ectasia that was detected
32 months after LASIK.
In this patient series, pre-operative corneal topography and
parameters did not reveal pre-operative underlying risk factors
that could predict the development of corneal ectasia.
Although pre-operative corneal factors are important predic-
tors of post-LASIK corneal ectasia, ectasia can occur after a
successful LASIK procedure even in the absence of apparent
pre-operative risk factors (Klein et al., 2006).
The cornea is a dynamic structure. It is a biological system
under constant remodeling. Several factors may inﬂuence its
230 A. Said et al.extracellular matrix homeostasis. Future studies should focus
on the corneal keratocytes, corneal collagen, and exogenous
and endogenous factors that may inﬂuence corneal collagen
synthesis and modulation in order to ﬁnd means of preventing
corneal ectasia following LASIK. Late onset corneal ectasia is
rare but may occur in the absence of pre-operative corneal risk
factors.
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